Microwave synthesis was optimized for preparing novel monoclinic Tin-doped Barium Niobate ceramics (Ba1-xSnxNb2O6; x= 0.0, 0.01, 0.05, 0.1, 0.2, 0.3) BSN. The intensity of monoclinic phase formation was observed to decrease on increasing tin as dopant indicating decreased crystallinity. Strained crystalline phase was observed in undoped sample that became severe on doping tin. Monoclinic metal alloy Sn2O3 formation was confirmed on increasing tin doping beyond 5%. Electronic configuration of tin (II) oxide supports the local site-wise monoclinic disorder in crystal structure due to sterically active lone pair. Such a disorder arranges increased number of degenerate energy states and reduce effective energy gap between conduction band minimum and valence band maximum. All BSN compositions were investigated for monoclinic phase stabilization, ultra-violet absorption, dielectric response, raman modes and type of carrier concentration along with hall resistivity. All measurements possessed inflexion corresponding to 5 atomic % tin doping indicating successful site substitution and estimated Sn2O3 metal formation beyond this. The values of reducing optical energy band gap, transparency to visible spectrum and hall resistivity indicated utility of these materials as a substitute transparent conducting oxide (TCO) for well-known indium tin oxide (ITO).
I. INTRODUCTION
Tungsten bronze (TB) structure based polar dielectrics form a very important class of non-toxic materials offering competent structural, electrical, optical, photocatalytic and electrocaloric response compared to corresponding toxic perovskite oxides like lead magnesium niobate (PMN), lead zirconium niobate (PZN), lead zirconium titanate (PZT), lanthanum-modified lead zirconate titanate (PLZT), lead scandium niobate (PSN) etc [1] [2] [3] between BaO-SrO-Nb2O5 oxides. The members of mixed matrix Ba1-xSrxNb2O6, barium niobate BN (BaNb2O6) and Strontium Niobate (SrNb2O6) have not been discussed in detail for electrooptic coefficients, pyroelectric coefficients, and ferroelectric properties [5] [6] [7] . Current work was planned to utilize high transparency of barium-based dielectrics and instill high electric conductivity simultaneously to offer competitive alternative of Indium Tin Oxide, popular transparent conducting electrode material [8] [9] [10] . Indium tin oxide is an exhaustively used transparent conducting oxide (TCO) due to its high optical transparency (~85%) and electrical resistivity (~10 -4 Ω-cm.) and optical energy band gaps (~3.8eV). The thin film geometries of ITO are highly used in solar cells, touch screens, flat panel displays etc. Further, ITO being an n-type degenerate semiconductor was also proposed as photocathode material for dye-sensitized solar cell structure 10 .
Taking versatility of applications offered by ITO, our choice was to start with polymorph barium niobate BN (BaNb2O6) whose phase transition studies makes it further interesting optimize for selective phase for diverse applications. However, the studies on its structural, optical and dielectric properties are sparse and need to be reported. Mixed tungsten-bronze SBN system was reported mostly in orthorhombic form instead tetragonal 6, 7 . In these structures, cationic site A1 introducing tin. Thorough mechanical milling followed by homogenous microwave heating was expected to generate special nano dimension heat sinks on tin-sites in metal alloy form.
Conducting metals possessing short skin depth re-radiate absorbed microwaves to the surrounding and generate local high temperature regions. On the other hand, atomic sites exhibiting prominent dielectric character, utilize absorbed microwave to resonate and generate controlled temperature regions by friction. The prepared compositions were further characterized for expected changes in crystalline phase formation, particle size variation, optical energy band gap, raman modes of vibration, ac conductance in correlation with rating of covalent character/ionic character in undoped BN and hall activity.
II. EXPERIMENTAL PROCEDURE
Each stoichiometric composition Ba1-xSnxNb2O6 (BSN) was prepared by taking high purity analyze the grain growth and to compare particle size with crystallite size as estimated using Scherrer's expression. These images were captured using LIBRA 200FE high resolution TEM with information limit of 0.13 nm equipped with EDS, which operated at 200kV. Optical energy band gap for each modified BSN composition was calculated using Tauc plots. These plots were derived using UV-Vis diffuse absorption spectra measured in an integral sphere mode using spectrophotometer SHIMADZU UV-Vis 3700. For reflecting incident radiations BaSO4 was used as a medium co-mixed with each modified BSN composition. The vibrational characteristics of all present chemical bonds in BSN compositions were studied using Fourier transform infrared (FTIR) spectroscopy. These FTIR spectra were recorded on FTIR Spectrophotometer of Thermo
Fisher Scientific make and model Nicolet iS5 in the range of 500 and 4500 cm -1 . For recording this spectrum, each BSN composition was mixed with KBr powder and infrared light was shone on the prepared pellet. The pellets of prepared BSN composition were coated using silver and gold for the dielectric measurements. Dielectric data was collected using high frequency LCR meter 
III. RESULTS AND DISCUSSION

Crystal Structure and Morphology Analysis
Perfect monoclinic phase formation is confirmed in all microwave prepared BSN samples using forms, Sn2O3 (JCPDS 00-025-1259), SnO (JCPDS 00-006-0395) and SnO2 (JCPDS 00-088-0287) in descending order of their peak matching percentage respectively. These fix Bragg angle peaks support metal alloy formation embedded in dielectric BSN unit cell structure in preferred orientation. Minor increase in x-ray intensities of these peaks is crucial in concluding the pivotal role of microwave heating followed after thorough milling of mixtures. The metal clusters of tin are expected to receive maximum microwave power in atomic network and melt before barium carbonate to flow randomly. This random flow in eutectic form presumably fills the vacant sites of barium to saturate coordination number. Current monoclinic structure is known to be natural tungsten bronze type and typically useful in photovoltaic applications 11 . Nearly undetectable intensity change in x-ray diffractograms for samples up to x=0.05 is an indicative of tin successfully substituting barium on respective sites.
UNDER REVIEW SINCE 04TH JANUARY 2019
Fig. 1. X-Ray diffractograms of Ba1-xSnxNb2O6 composition pellets
The introduction of tin beyond 5 % causes monoclinic metal alloy Sn2O3 formation in BaNb2O6 in addition to dominant monoclinic phase. The generated distortions are further investigated through calculations of distortion parameters like tetragonal strain and orthorhombic distortion. The lattice parameters are calculated using indexed peaks (012), (111) and (013) This finally results into lattice relaxation in a-b plane thereby decreasing orthorhombic distortion.
Crystallite size (t) was estimated using the Scherrer's formula for the high intensity peaks including the maximum one: t = , where, λ is the wavelength of x-ray used, θ is the position of the maximum intensity peak, β is full width at half maxima (FWHM) of maximum intensity peak and k=0.9 is the Scherrer's constant. The crystallite size ranges from 27.1 nm to 29.5 nm and follows an inverse relationship with the tetragonal strain leaving sample x=0.01.
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Fig. 2. TEM images of Ba1-xSnxNb2O6 grains [(a)-(c) for x=0.00 and (d)-(f) for x=0.30]
In current work, premeditated interaction of microwaves is executed with tin metal alloys regions in doped BSN compositions. Beyond 5% doping, tin is observed to follow alloy formation, which is behaving finally as metal in dielectric network to attract maximum fed microwave power 14 The other available sites of 6-coordinated niobium favor tin occupancy; this was investigated further using spectroscopic methods. Fig.3 shows the optical absorption spectrum for investigated materials. The BSN compositions show major absorption in uv region starting from 250nm and concludes at 410nm. Such a broad absorption region is solely due to intrinsic transition of semiconductors and less likely due to defect energy states. The absorption peak broadens on increasing tin up to 10% and decreases thereafter.
Spectroscopic investigations
The broadening is investigated using full width at half maximum (FWHM), as an ancillary indication of grown semiconducting behavior of dielectric BSN compositions, Table- . The samples up to 5% doping show absorption edges shifting towards blue wavelength whereas the ones with higher doping exhibited red shift.
The absorption values were below 0.1 for all samples, which is an essential requirement for TCO.
UNDER REVIEW SINCE 04TH JANUARY 2019
The samples with tin doping up to 5% possessed absorption lower than undoped BN that increased on tin doping beyond 5 atomic% justifying optimal tin substitution. Almost no change in the wavelength value for maximum absorption intensity supported typical strength of monoclinic phase of BN towards photo absorption after doping. The variation of absorption intensity is directly Tin induced structural distortions in BSN compositions are further investigated using micro-raman spectroscopy, Fig.4 . It is an effective method for rating the structural perfectness of an atomic framework. The distorted framework possess additional low energy coupled vibrations usually detectable as scattering losses. Therefore, raman scattering is the best tool for detecting these coupled vibrations emerging due to inelastic scattering of laser photons after interaction with electrons in atoms at different atomic sites. In addition, active raman modes in any structure correspond to number of atoms per unit cell in that structure. The obtained raman spectra of BSN samples are in excellent agreement with the work of Repelin et al 21 , who concluded about tilting of corner shared NbO6 octahedrons generating typical orthorhombic unit cell structure that can further distort to generate monoclinic system. Fifteen active raman modes are present in undoped BN, confirming the 15-folded A2 site occupancy by barium in BN, Table- 2. There is no shift in all peak positions except tin-alloy induced growth and splitting of peaks 2 and 13. Thus, parent monoclinic phase of BN remains unaltered except diffusion of additional monoclinic phase of Sn2O3 at 10% doping and above 22 . Tin oxide (SnO) occupies less polar and more c-axis strained tetragonal litharge structure 23 . Hence, tin doping infuses a decrease in phonon driven intrinsic
polarizability per unit cell, therefore, all doped BSN compositions show decrease in intensity of all raman modes. Again, an increase in tetragonality (c/a) and no splitting of raman peaks can be correlated for tin doping up to 5% as estimated in previous sections. Beyond 5% doping, tin atoms not only occupy barium sites corresponding to unaltered raman peak positions rather generate local asymmetry to produce coupled vibrational modes due to monoclinic Sn2O3 formation as local distortion. These coupled modes appear as splitting of band-13 in present work. This is also confirmed by investigating full width at half maxima (FWHM) for vibration bands 1, 3, 5, 11 and 13. As tin is introduced in the BSN system (sample x=0.01), FWHM increases hence, raman bands become wider to adjust peak intensity to lower value. This further introduces a few more new peaks and shoulder bands starting from BSN composition x=0.1 in low frequency as well as in 
Fig. 4. Raman Spectra of BSN compositions
high frequency region. In x=0.2 and x=0.3 samples, the low frequency shoulder peaks are diminished while the shoulder peaks at high frequency bands become more pronounced.
To study the intrinsic contributions to real permittivity of BSN compositions, which is normally observable at high frequencies (~10 12 Hz and beyond), FTIR spectroscopy is employed.
Various chemical bonds present in a typical stochiometrically prepared composition vibrate after absorbing infrared radiation corresponding to typical expression given by,
where ̅ is the wavenumber (cm -1 ), c is the velocity of light (cm./sec.), k-is the force constant (dynes/cm.), and is the reduced mass (gms.). The results of FTIR spectra of the BSN samples are in exact correlation with raman modes appeared from 500 to 1000 cm 
AC Conductivity
The degree of covalence determining augmented dielectric nature of BSN compositions is verified using ac conductivity (σac) investigations as proposed by Jonscher's universal power law 27 : σac= σdc + Aω n , where, σdc is the frequency independent dc conductivity contribution, A is a temperature dependent constant, ω is the angular frequency (ω = 2πf) and n is the frequency exponent. The value of frequency exponent n determines the dominant conduction mechanism: 0<n<1 associated with the hopping mechanism of ions and n>1 associated with the quantum mechanical tunneling of charge carriers over localized sites 28 is steep and is attributed to crystalline phase change from monoclinic to orthorhombic. The ac activation energy (Ea) is calculated using the slope of curves as plotted on Inσac vs. 1000/T graph 29 using the equation: σac= σ0 exp(-Ea/kBT), where, σ0 is a constant, kB is Boltzmann's constant and T is absolute temperature. The activation energies of all samples are listed in Table- 3.
Hall Measurements
The measurements of absorption spectroscopy and microstruture study using TEM- 
